ABSTRACT
INTRODUCTION
The agricultural sector in Swaziland is characterised by a dualistic system consisting of modern and traditional sectors. About 80% of the Swazi population lives on Swazi Nation Land (SNL) and they obtain their livelihood from subsistence agricultural production activities (Thompson, 2012) . The Ministry of Agriculture encourages the intensification of agricultural production amongst small-scale farmers on SNL. Although the performance of large farms and plantations on Title Deed Land (TDL) remains crucial to export growth and overall economic development in Swaziland, increasing rural employment and income depends mainly on the performance of agriculture on SNL. Accordingly, the Swaziland government focuses her resources on SNL, whilst ensuring that support does not negatively affect agricultural production on TDL. However, the rate of adoption of sugarcane production on SNL is threatening the production of irrigated crops, especially vegetables (Thompson, 2012) .
Vegetables by smallholder farmers are mainly produced for consumption and are also sold if there is a surplus (Chadha et al., 1999) . According to Sekhon and Kaur (2004) to improve income and provide gainful employment, diversification from grain crops to high value crops like vegetables have appeared to be an essential strategy for agricultural growth for any developing country, such as Swaziland. In most developing countries, including Swaziland, the majority of farmers are poor and have inadequate means of production and resources, and therefore, unable to bear the risks of crop failure. The study sought to determine and compare the technical efficiencies of smallholder vegetable farmers.
THEORETICAL FRAMEWORK

Production and Productive Efficiency
The economic theory of production provides the analytical framework for most empirical research on productivity and efficiency. Productive efficiency means the attainment of a production goal without a waste of resources. Beginning from this basic idea of ''no waste'', economists have built up a variety of theories of efficiency. The fundamental idea underlying all efficiency measures, however, is that of the quantity of goods and services per unit of input.
Consequently, a production unit is said to be technically inefficient if little output is being produced from a given bundle of inputs. There are two basic methods of measuring efficiency and these are the classical approach and the frontier approach. The classical approach is based on the ratio of output to a particular input, and is termed partial productivity measure.
Dissatisfaction with the shortcomings of this approach led economists to develop advanced econometric and linear programming methods for analysing productivity and efficiency. The frontier measure of efficiency implies that efficient firms are those operating on the production frontier. The amount by which a firm lies below its production frontier is regarded as the measure of inefficiency.
Stochastic Production Frontier (SPF) Analysis and Measurement of Efficiency
The frontier function approach is a method to measure productive inefficiency of individual producers. Inefficiency is measured by the deviation from the frontier, which represent a bestpracticed technology among all observed firms. Battese and Coelli (1995) presents two reasons to estimate frontier functions, rather than cost functions, which are conventionally estimated by OLS method. First, the frontier function is consistent with theoretical representation of production activities, which is derived from an optimization process.
For example, the production function consists of a series of outputs attainable, given different combinations of inputs, while cost and profit functions are represented by frontiers derived from optimization. Second, the estimation of frontier function provides a tool for measuring the efficiency level of each firm within a given sample.
The SPF method of analysing efficiency is chosen for this study because, unlike other methods (for example the Data Envelopment Analysis, DEA) the SFP allows for the sensitivity of data to random shocks by including a conventional random error term in the estimation of the production frontier such that only deviation caused by controllable decisions are attributed to inefficiency (Jaforullah and Premachandra, 2003) .
Inefficiency is assumed to be part of the error term consisting of two parts. This is the random error term, which is normally distributed N (0,ζ 2 ) and represent random shocks and statistical errors, and the inefficiency term which is one-sided (non-negative). The inefficiency error term has a half normal distribution. The SPF is expressed as
In logarithm terms the SPF is expressed as
Where Yi is the output vector, Xi is the input vector, β is an unknown parameter vector, Vi is the random error term assumed to be iid N (0, ζ 2 ), Ui is the inefficiency term independently distributed from Vi. There is disagreement among econometricians as to the distribution of Ui (Jaforullah and Premachandra, 2003) .
Previous studies have used several distributions including single parameter half-normal distribution, exponential and truncated normal distributions and two parameter gamma distribution (Bravo-Ureta et al., 1991; Sharma et al., 1999) . In this study the half normal distribution used by Jaforullah and Premachandra (2003) in a cross sectional data similar to this study was adopted.
METHODOLOGY
Research Design
A descriptive research design was employed in the study with an aim of describing and comparing the technical efficiencies for smallholder vegetable farmers.
Sampling Procedure and Data Collection
The target population was 289 active vegetable farmers in the Hhohho region of Swaziland.
An up-todate list of farmers was obtained from the Ministry of Agriculture and also from NAMBoard. A stratified random sampling method was used in selecting a sample of 120 farmers from the four Rural Development Areas (RDAs) in the Hhohho region. The vegetable crops studied included tomatoes, cabbages, beetroot and green pepper. These crops are the mostly grown vegetables in Swaziland.
Data were collected through the use of personal interviews using a structured questionnaire
which consisted both open and closed-ended questions. The questionnaire was pre-tested to evaluate for validity, reliability, consistency, and clarity to avoid duplication of questions.
Data Analysis
Data were analyzed using descriptive statistics involving frequencies. Technical efficiency was conducted by the estimation of the Cobb-Douglas production function in which both the output and inputs were expressed in the logarithmic form, using the program STATA (version 12).
Analytical Technique
Technical Efficiency
Technical efficiency is the practice of using available resources in the best combination with the aim of maximizing output (Battese and Coelli, 1995) . Measuring the technical efficiency of smallholder vegetable farmers involved the estimation of a Stochastic Frontier Production Function. The stochastic frontier production function was independently proposed by Aigner et al. (1977) and Meeusen and Van den Broeck (1977) . It is defined by:
Where yi, is scalar output of the i th farm, xi is a vector of inputs of the i th farm, and β is a vector of parameters to be estimated. The first error component, vi, is assumed to be independently and identically distributed and symmetric. This error term represents the random effects, measurement errors, omitted explanatory variables and statistical noise. The second error component, ui ≥0, is expected to capture the inefficiency of the dairy farm and it is assumed to be independently and identically distributed with mean, μ, and variance, ζu 2 . The technical efficiency for the i th farm, defined by the ratio of observed production to the corresponding frontier production associated with no technical inefficiency, is expressed by:
A technical efficiency score of 1 indicates a perfectly efficient firm, while lower scores indicate lower efficiencies. The prediction of the technical efficiencies is based on the conditional expectation, given the composed random error (vi -ui), which is to be evaluated at the maximumlikelihood estimates of the parameters of the model (Battese and Coelli, 1995) .
Empirical Model Specification
The model of Cobb-Douglas functional form used was specified as; Uis are the technical inefficiency effects which are assumed to be independent of Vi such that Ui is the non-negative truncation (at zero) of the normal distribution with mean Ui and Variance δ2, where Ui is defined by;
Where: 
RESULTS AND DISCUSSION
Descriptive Statistics of the Farmers
As presented in were members of an association or a farming group, while 72.5% had access to extension service, suggesting that they were assisted technically and they had at least 5 years farming experience.
About 68% of the farmers had access to off-farm income. At least 37.5% of the respondents had accessed credit at some point in their lives and only 18.3% used credit in the past 12 months.
Seventy five percent of the farmers had reliable markets (pre-determined) and 54% produced vegetables that were demanded by the markets. 
Production Estimates of Vegetables
From the results presented in Table 2 , the amount of chemicals applied has a positive relationship with tomato output and is significant at 10 percent level. This positive relationship means that for a unit increase in the amount of chemicals applied there would be 4.9% increase in tomato yield. This is in agreement with the a priori expectation and also agrees with Nyagaka et al. (2010) statement that farmers who apply the recommended amounts of chemicals usually get higher yields. For cabbage, seeds, fertiliser and labour are directly associated with output and are all significant at 5%, 1% and 10% significance level respectively. The positive coefficients of these variables indicate that a unit increase in the amount of seeds, fertiliser and labour used will increase cabbage output by 15%, 0.23% and 0.05% respectively, which is also line with the a prior expectation. According to Dlamini (2012) it is expected that the amount of fertiliser and seeds applied will have a positive relationship with yield, which will in turn have a positive relationship with technical efficiency. Furthermore, fertiliser and labour are directly associated with beetroot output and are both significant (p < 0.01). A unit increase in these variables will lead to an increase in beetroot output by 0.3% and 0.06% respectively. Land is indirectly associated with beetroot output and significant at 1% level. For every hectare increase in the land cultivated there will be 14.4% decrease in beetroot output. This observation could be due to farmers cultivating more land than they can manage. Likewise for green pepper, the variable fertiliser has an indirect relationship with green pepper output and significant (p < 0.01). The results therefore shows that an increase in the amount of fertiliser used would lead to 0.1% reduction in green pepper output.
But chemicals and land are directly associated with green pepper output and are both significant (p < 0.01) suggesting a likely output increase of 3.7% and 52.8% for every unit increase of chemicals and land used respectively. Note: ***, **, * signifies significance at 1%, 5%, and 10%, respectively. Education and farming experience were indirectly related to tomato and cabbage farmers' technical efficiency and were significant (p < 0.01). The indirect relationship of these variables with technical efficiency means that the more educated the farmers and the more farming experience the farmers had, the more inefficient they were. This is not in line with a priori expectation. This may be due to the fact that farmers who were more educated were highly likely to be permanently employed and do farming business on a part time basis, hence were not efficient in their production. Likewise experienced farmers in the study area were usually not keen to adopting new technology and accept advice because they believe their methods work better for them.
Moreover, for cabbage farmers, age had a direct relationship with their technical efficiency and was significant at 1% level meaning that older farmers were more technically efficient than younger farmers in cabbage production. Meanwhile, cabbage farmers who had access to credit were less efficient than their counterparts who did not have access to credit which could be due to farmers allocating funds inappropriately.
For beetroot farmers, age had an indirect relationship with their technical efficiency and is significant at 5% level. On the other hand, off-farm income had a positive and significant (p < 0.05), relationship to technical efficiency. In green pepper production, except for age and access to reliable market that have positive relationship with technical efficiency, access to credit, off farm income, extension services and market driven production were all negatively related to the farmers' technical efficiency and were significant at 1% level. This inverse relationship of gender means female farmers were more technically efficient in green pepper production. Farmers without credit access, lack of farm income, extension services and market driven production were more technically efficient than farmers who have.
Technical Efficiency Levels for Tomato Farmers
The frequency distribution of the estimated technical efficiency levels of the vegetable farmers who planted tomatoes is presented in Table 3 . A total of 57% of the sampled tomato farmers had access to credit, while 43% did not have credit access. The study revealed that the technical efficiency of tomato farmers who had access to credit ranges from 57% to 98% with an average of 77.5%. 
Technical Efficiency Levels for Cabbage Farmers
The frequency distribution of technical efficiency levels for farmers who planted cabbages is presented in 
Technical Efficiency Levels for Beetroot Farmers
The frequency distribution of the estimated technical efficiency levels of the vegetable farmers who planted beetroot is presented in 
Technical Efficiency Levels of Green Pepper Farmers
The frequency distribution of the estimated technical efficiency levels of the vegetable farmers who planted green pepper is presented in These findings indicate that green pepper farmers who did not have credit access were less efficient than their counterparts who had credit access. 
CONCLUSIONS
Vegetable production in the study area is male dominated and all the respondents were literates but majority of them did not have access to credit. Tomato and cabbage farmers who had access to credit were less technically efficient than their counterparts who did not have access to credit. On the other hand, Beetroot and green pepper farmers who had access to credit were more technically efficient than those who did not have credit access, therefore, access to credit positively affected beetroot and green pepper farmers' technical efficiency.
RECOMMENDATIONS
Government should subsidize farming inputs and financial institutions should make credit more available to agribusinesses. This will enhance the farmers' technical efficiencies, as well as encourage female farmers into vegetable production. Also, smallholder vegetable farmers should increase the amount of seeds, fertilizer and chemicals they apply to improve yields and there is
